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A difficulty arose recently in this department when the azo-pigment, formed in the O'Hagan, Hamilton and LeBreton (1957) method of estimating bilirubin, rapidly turned a bluishpurple colour. All attempts to make a benzoateurea solution, in which the azo-pigment was stable, failed.
An article by Michaelsson (1961) gave a clue to the cause. He found that several metals form coloured complexes with azobilirubin. In particular copper has a strong affinity for azobilirubin at pH 6, forming a blue complex. EDTA was able to reverse this process. Furthermore, he found that small amounts of copper added to serum would reduce the result of his bilirubin determination and so he suggested using EDTA as an anticoagulant thus eliminating interference.
A copper pipe ending in a brass tap had been fitted to run distilled water from a neighbouring still into our department. It was copper contamination that was causing our trouble.
Methods and Results
The method was to mix 0·4 ml of serum with 0·2 ml of diazo reagent (prepared by adding 0·3 ml. O·5 % fresh sodium nitrite to 10 ml of 0·1 % sulphanilic acid in 0·17N hydrochloric acid). Then 3·4 ml of 10 % sodium benzoate in 10 % urea was added. The serum blank was determined in the same way but 0·2 ml of the sulphanilic acid was substituted for diazo reagent. The extinctions were measured 15 mins. after benzoate-urea addition, at 530 mu, Care was taken to avoid direct sunlight during the procedure.
The method was standardised with pure bilirubin in pooled normal serum, but a secondary standard was used for day to day reference. This consisted ofa mixture of 19·5% NiCl 26H20 and 0·97 % CoCl 26H2 0 in 10~Ia acetic acid.
In the experiments, EDTA was added as 0·1 ml of a 1 %solution but it is now incorporated in the benzoate-urea in a concentration of 200 mg/litre, The effect of contamination is illustrated in Table 1 . Only the readings of test solutions are given. Blanks were not always determined for economy reasons but when they were their extinctions were independant of the type of water used. Extinction of azobilirubin solutions in the presence of water contaminated with copper and water from an ion exchange column.
It will be observed that:
(1) All readings are low compared with those in the presence of EDTA. This suggests that some contamination is present in every case, even with the previously used routine reagent. Water of each type came from stills, operated from the hospital heating system, and the tinned copper reservoir had been in use some years.
(2) Similar effects were found even in standards in chloroform solution with 95 % ethanol as coupling agent. It was noted that after 24 hours the standard containing EDTA still had 90 % of its initial reading, whereas in the absence of EDTA fading was complete.
Figure 1, gives a further demonstration of the effect. Contamination lowers the extinction at 530 mu and shifts the maximum towards a higher wave length. The curve labelled" Colour Standard" is that of the nickel--cobalt secondary standard and it will be seen that it has a maximum 
Summary
Copper causes noticeable errors in bilirubin determinations and significant amounts may occur in distilled water and even serum itself. It is simple to eliminate the effect by means of EDTA. Since only a small amount of EDTA is needed, it will stay in solution even in those methods employing ethanol or methanol. However, interference is small in alcoholic, low pH solutions. It is possible that this is the explanation of the higher results obtained with such methods rather than their freedom from haemoglobin interference.
Acknowledgements
To the staff of the Pathology Department and to Messrs. Silten Ltd. who supplied a sample of dihydroxypropyl theophylline for the method of Michaelsson.
The second group gave statistically higher results and it is interesting to note that this group consists of methods using low pH and an alcoholic solution. The reason may not be less interference by haemoglobin, as they suggest, but less interference by copper.
Using the O'Hagan, Hamilton and Le Breton method, haemoglobin causes interference on some occasions but not on others. This is not effected by the addition of EDTA. It may be that there are varying conversion products of both haemoglobin and bilirubin in stored blood. Even short exposure to light has an effect on bilirubin. Michaelsson's method is not subject to haemoglobin interference and, following his example, ascorbic acid has been added in our method but with only slight reduction in the interference. 
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Discussion
The slight reduction in readings using deionised water might seem surprising at first but Michaelsson showed that an amount of copper similar to that in serum causes a reduction in results obtained.
One would expect interference to be less with alcoholic methods using a low pH, such as the Lathe-Ruthven and Malloy-Evelyn methods. Such conditions use less water and also reduce the affinity of copper for azobilirubin. Two experiments. using the Lathe-Ruthven method indicated that this was so. Watson and Rogers (1961) placed methods in two groups, those of Powell (1944) and Jendrassik and Grof (1938) , and those of Stoner and Weisberg (1957) and Lathe and Ruthven (1958) .
at 530 mu as does azobilirubin, despite the fact that it is green in appearance rather than red.
The upper curves are those given by sera of high bilirubin concentration and the one without EDT A is similar to those obtained by Michaelsson from the copper complex which he prepared. For these curves the first 25 ml of water from the copper pipe was used. This contained approximately 800 micrograms of copper per litre.
EDTA prevents interference at whatever point in the procedure it is added, (EDTA added at commencement, extinction=0·160; EDTA added at various intermediate stages, extinctione-u-Iez). EDTA additions even after the final reading raised that reading from 0·120 to 0·160. 
